INTRODUCTION
Biggers, Gwatkin & Brinster (1962) showed that complete development of the mouse zygote to a blastocyst in vitro only occurred in organ cultures of Fallopian tubes. At the time these organ culture studies were done, only late 2-cell mouse embryos would develop into blastocysts completely in vitro, provided lactate was incorporated in the medium (Whitten, 1957) . These results provided indirect evidence that cleavage in the mouse is dependent on the maternal environ¬ ment. More recent studies have shown that development of the late 2-cell mouse embryo to the blastocyst (Brinster, 1963) , and the zygote to the early 2-cell stage (Whittingham & Biggers, 1967) (Brinster, 1963) . By the 8-cell stage, however, several other compounds, such as glucose, malate, -ketoglutarate and citrate can be used (Whitten, 1957; Brinster & Thomson, 1966 (Brinster, 1963) . Two-cell embryos were flushed from the Fallopian tubes of mated females 44 to 48 hr after the second injection, while 8-cell embryos were recovered from the Fallopian tubes and upper third of the uterus approximately 24 hr later.
The basic medium used in the study was Krebs-Ringer bicarbonate con¬ taining 1 mg/ml of crystalline bovine serum albumen, 100 i.u./ml of penicillin and 50 µg|ml of streptomycin. Where substrates were added to the medium, isotonicity was maintained by decreasing the sodium chloride content of the medium. For recovery and preliminary handling of the embryos, 25 mM sodium lactate and 0-25 mM sodium pyruvate were added as an energy source (Brinster, 1965) . Following collection, the embryos were washed twice by transferring in a minimum volume through two changes of substrate-free medium (3 ml). Following the second wash, the embryos were collected in a minimum of substrate-free medium, transferred to a medium containing U-14C-L-malate (1-7 mM and specific activity 4-4^c/mole) and incubated at 37°C for 30 min with air:carbon dioxide (95:5) as the gas phase. Between 150 and 250 2-cell embryos, and between ninety and 110 8-cell embryos, were incubated for each treatment. In the first tests embryological watch glasses containing 0-5 ml of the malate medium covered with 2 ml of light paraffin oil were used. However, in all subsequent experiments, incubations were carried out in tissue culture dishes containing 0-1 ml of malate medium as a droplet in 10 ml of light paraffin oil (Brinster, 1963) . This latter method was more convenient and conserved isotope. A preliminary trial showed that embryos could be incubated 30 min in the malate medium without loss of viability, as gauged by subsequent develop¬ ment into blastocysts.
A method used by Wales & O'Shea (1966) for the measurement of intracellular constituents of spermatozoa was adopted for the rapid recovery of the embryos from the radio-active malate medium. A 2-6-ml Pichler-Spikes type centrifuge tube with a uniform bore of 2 mm in the capillary tip was used Permeability of mouse embryos 105 (Owens-Illinois Glass Co.). The bottom 0-5 cm (approximately 16µ1) was filled with 10% w/v sucrose solution containing 1% (v/v) formalin, and the remaining narrow portion of the tube (2 cm) was filled with isotonic sucrose. Above this, approximately 1 ml of non-radio-active malate medium (1-7 mM malate) was pipetted into the wide portion of the tube. At the completion of incubation in the radio-active malate, the embryos were transferred in a minimum volume of medium to the top of the non-radio-active medium and immediately centrifuged at 500 g for 3 min. The non-radio-active medium thus acted as an initial dilutor of the highly active incubation medium before centrifuging the embryos through the sucrose rinse.
After centrifugation, the supernatant medium was removed, the inner surface of the wide portion of the centrifuge tube wiped with absorbent tissue, rinsed with 1 ml of non-radio-active diluent and again wiped dry. The sucrose column was then carefully removed to within 1 cm of the base of the tube. The next 0-5 cm of sucrose was transferred to a scintillation vial to act as a background count for the embryos. The bottom of the tube (0-5 cm) was then removed and Radio-activity is expressed as counts/min/aliquot corrected for background (26-8 counts/min). Following centrifugation and removal of the supernatant, succeeding aliquots of the sucrose rinse were withdrawn from the capillary tip of the centrifuge tube and assayed for radio-activity. The sucrose aliquots are numbered 1 to 6 from supernatant interface to base and aliquot number 6 contains the embryos. transferred with its contents to a scintillation vial. Radio-activity was assayed by liquid scintillation techniques using toluene containing 0-5% 2,5-diphenyloxazole (ppo) and 0-03% l-4-bis-2(4-methyl-5-phenyloxazolyl)-benzene (dimethyl popop) as scintillator. All samples were first dried, then incubated in 1 ml of 1 m methyl dodecyl benzyl trimethyl ammonium hydroxide (Hyamine hydroxide) before the addition of 10 ml of scintillator. Samples of low activity were counted for sufficient time to ensure accuracy. For each treatment a sample of incubation medium was assayed for radio-activity and the results used to determine the concentration of malate after the introduction of the embryos. The amount of intracellular substrate, expressed as^atoms of substrate carbon/ embryo was calculated from the counts in the embryos, corrected for back¬ ground and the specific activity of the incubation medium.
The distribution of isotope in the sucrose rinse, as shown in To measure 14C-carbon dioxide production, embryos were incubated in 0-1 ml of radio-active malate medium covered with a thin layer of light paraffin oil. Following incubation for 3 hr in sealed vials that had been flushed with air: carbon dioxide (95:5), metabolism was terminated by the injection of 0-1 ml of 0-2 H2S04 and the evolved carbon dioxide absorbed with 0-2 ml of 2 NaOH. The To examine the effect of removal of the zona pellucida on the accumulation of substrate carbon, 2-and 8-cell mouse embryos were collected. Before washing and incubation, half of each sample was incubated in a 0-25% solution of Pronase in phosphate buffered saline, containing 1 % polyvinylpyrrolidone (pH 7-6) until the zona pelludica was digested (Mintz, 1962; Gwatkin, 1963) .
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The uptake of malate by these cells was then compared with that of the re¬ maining untreated embryos (Table 3) . Although the results are somewhat variable it seems that Pronase treatment had no effect on 2-cell embryos. In contrast, the accumulation of substrate by 8-cell embryos was significantly depressed by this treatment (t(2) = 7-7, 0-01<P<0-05). An attempt was made to block the uptake of malate by 8-cell mouse embryos with ouabain, an inhibitor of sodium-potassium dependent adenosine triphosphatase important in active transport of some substances across cell membranes (see Repke (1964) for a review).
The accumulation of substrate carbon by 8-cell mouse embryos in the presence of varying concentrations of ouabain was compared with that of control incubations containing no ouabain. The results (Table 6 ) indicate that (1966) has shown that NAD-dependent malic dehydrogenase is present in both 2-and 8-cell embryos and that oxaloacetate is able to support develop¬ ment at both stages (Brinster, 1965; Brinster & Thomson, 1966) . Thus, it would Permeability of mouse embryos 109 be expected that, if malate could penetrate the cell wall of the 2-cell embryo, it would be utilized provided there was no inhibition of the dehydrogenase in vivo. However, it has been shown that malate will not support development at this stage (Brinster, 1965) and, in the present studies, oxidative utilization of malate by 2-cell embryos could not be demonstrated. In addition, the almost complete absence of substrate carbon in embryos at this stage indicates that there is no uptake of the substrate rather than an enzymic inhibition.
By comparison, there were consistently higher concentrations of isotopically labelled carbon in 8-cell embryos incubated in the presence of U14C-malate, and a significant production of labelled carbon dioxide during incubation in its presence. These findings, plus the fact that a proportion of these embryos con¬ tinue to develop with malate as sole substrate (Brinster & Thompson, 1966) , indicate that this compound penetrates the 8-cell embryo and is utilized by oxidative pathways.
If 138,000 µ3 is assumed to be the mean volume of the 8-cell mouse embryo (from data of Lewis & Wright, 1935) , the values presented in Table 4 (Vishwakarma & Miller, 1963) . These three acids will not support the development of 2-cell mouse embryos but will support development of 8-cell stages (Brinster & Thomson, 1966 carbon whereas incubation at 5°C inhibited the accumulation. However, ouabain had no effect and it is unlikely therefore that the uptake of malate is linked to the sodium-potassium dependent adenosine triphosphatase as has been found for some non-electrolytes in other tissues (see Csaky, 1965) .
The lack of accumulation of substrate carbon by 2-cell embryos during incu¬ bations in malate is not due to the impermeability of the zona pellucida at this stage. It has been shown that in the rabbit, rat and hamster the zona is perme¬ able to substances with a molecular weight of at least 1200 (Austin & Lovelock, 1958) (Shapiro, 1941) , whereas a mouse requires an exogenous source of energy. Secondly, strong evi¬ dence exists that cleavage of the Arbacia egg until gastrulation is regulated by messenger rna, which is performed in the oocyte (Gross & Cousineau, 1964) , whereas, in the mouse, studies on the effect of actinomycin D on cleavage sug¬ gest that some synthesis of messenger rna is necessary even at the 2-cell stage (Thomson & Biggers, 1966) . Conclusive evidence of gene action during cleav¬ age in the mouse is provided by two mutants (t1 and t12) which are lethal during cleavage in the homozygous state (Gluecksohn-Schoenheimer, 1938; Smith, 1956 ). In addition, the work of Fridhandler (1961) in the rabbit to¬ gether with the demonstration that an active transport mechanism for the uptake of malate develops after the second cleavage may indicate that the differential reading of the genome begins early in cleavage.
